Gastrointestinal ultrasound (GIUS) has been increasingly used for the management of gastrointestinal disorders due to its potentialities as a cheap, widely available and safe examination with comparable accuracy to other techniques such as Computed Tomography or Magnetic Resonance Imaging. However, some limitations have been stated to justify its underuse such as its dependency on the operator, small field of view and penetration and need of expertise. However, most of these limitations are inherent to any technique. The main problems with GIUS are lack of standardized definitions, adequate training programs and measures to assess the quality. The definition of universally applicable standardized measurements, the implementation of an internationally recognized curriculum as well as an agreed set of core competencies and the assessment of performance will hopefully overcome its potential limitations and implement its utilization universally in clinical practice.
Introduction
Digestive ultrasound (US) or gastrointestinal ultrasound (GIUS) is not a new technique. The first description of its usefulness to assess the bowel wall layers and pathologic changes dates more than 40 years ago [1] . Since then, technological US advancements and increased skills of sonographers, most of them gastroenterologists, broadened its use to diagnosis and monitoring several intestinal diseases, in particular inflammatory bowel disease (IBD). Systematic reviews and meta-analyses have shown that GIUS, Computed Tomography scan (CT) and Magnetic Resonance Imaging (MRI) have similar accuracy for the evaluation of IBD [2] [3] [4] [5] , and currently GIUS is recommended by several international guidelines as the first examination in patients with abdominal complaints to detect appendicitis, diverticulitis, bowel occlusion and inflammatory bowel diseases [6] [7] [8] [9] . The advantages of GIUS over other imaging techniques are its relatively low cost, the widely available equipment and potential prompt use and the lack of contraindications or harmful conditions such as ionizing radiation or claustrophobia [10] . Yet, despite its high accuracy and clear advantages, the incorporation of GIUS into routine gastroenterology practice remains somehow inconsistent and still underused and even considered with skepticism [11] . The main reasons of this could be attributed to some limitations of GIUS compared to other diagnostic modalities, such as the small field of view and penetration (in particular in oversize and obese patients), limited standardization and reproducibility of scan protocols, lower capacity for retrieval and re-evaluation of archived images, and, not least, the superior ''time to remuneration" ratio of this technique compared to the MRI or CT scan [10] . However, probably, one of the most stated limitations is that it is considered "operator dependent" and of value only in super-expert hands. This limitation is poorly founded, as the performance and interpretation of every diagnostic test are, without exception, "operator dependent".
The real limitations of GIUS are probably mainly related to the lack of international consensus regarding the standardization of the technique, the lack of training and performance standards and the lack of quality indicators ( Table I) .
The present review will discuss the present limitations of GIUS, in particular the need of a standardized intestinal ultrasound terminology, of a proper training curriculum and quality assessment, and will try to provide some hints on the future directions of this technique.
The standardization of intestinal ultrasound
To explain the need of standardization, for instance, though we know that a bowel stricture is sonographically defined as a narrowing of the lumen, coupled with thickening of the walls and prestenotic dilatation, the literature counts 10 different definitions of strictures in Crohn's disease [12] . Thus, it is not surprising if in a recent study, which assessed the interobserver agreement among 6 blind expert operators during scanning 15 CD patients, with no preliminary formal didactic session, poor results were obtained in the detection of stenosis and of prestenotic dilatation [9] .
To overcome this important limitation, an international team of experts in GIUS, with the endorsement of the European Federation of the Societies of Ultrasound in Medicine and Biology (EFSUMB), was created in 2016, with the aim to standardize definitions in IBD and other gastrointestinal diseases and to promote its use in a clinical setting [7] . The implementation of these universally applicable standardized measurements will provide a basis for measuring, evaluating and improving performance and quality of care in GIUS [10] .
Training in gastrointestinal ultrasound
An internationally recognized curriculum, as well as an agreed set of core competencies in GIUS are still lacking. The training in US should be part of the medical student curriculum, or at least, of the various specializations. Actually, even radiological specialization, in some instances, lacks appropriate training for GIUS. Therefore, usually trainees themselves take on the burden of pursuing a comprehensive education [10] .
Overall, the learning process of GIUS -as for every other issues -may include several steps as defined by Edward Thorndike, an American psychologist and known as the father of educational psychology, who lived more than 100 years ago [13] . His learning process specified certain ingredients: 1) Motivation: this implies a strong determination, concentration, clear objectives and well-founded reasons to learn;
2) Exercise: things that are repeated are better remembered or better performed;
3) Emotional reactions: the learning is reinforced when it is accompanied by pleasant or satisfying sensations (e.g., detecting a disease); weakens when it is associated with unpleasant or frustrating sensations; 4) Plan priorities: things learned first often create a strong and almost indelible impression, considering that this also means that bad habits learned early are hard to die; 5) Intensity: a vivid, exciting or engaging experience is more effective to learn than a boring exercise routine (e.g. a student learns more from the "real life" than from simulation).
From a practical point of view, the learning process of US involves image interpretation, that is mainly cognitive and image acquisition, that is mainly behavioral. While the first is merely a theoretical step, the second is a practical context that is achieved by means of a hands-on session and daily performance activity. Both these steps are mandatory to reach appropriate skills and competence.
Competence in US has changed in the last decade, and is still changing now. Point of Care Ultrasound (PO-CUS) is an example. POCUS is an expanding field in medicine, that focuses on the training of operators to answer specific, clinically pertinent questions. Pattern recognition and expertise within a limited remit of US skills applied to specific clinical contexts, can provide acceptable diagnostic accuracy without the necessity for ''full diagnostic level of knowledge and expertise'' in US. This paradigm represents a shift from fear of false reassurance and missed findings of significance, to a recognition that the appropriate use of US improves diagnostic accuracy over clinical examination alone. Given the increasing interest in particular among non-experts in using US examination in daily practice, there is a concern to ensure high-quality US services in every setting. Consequently, several international training boards have issued recommendations regarding training and certification of non-radiologists executing USbased procedures [14] . For example, a statement from the American Institute of Ultrasound in Medicine specified that trainees in abdominal US should have evidence of being involved in the performance, evaluation, interpretation and reporting of at least 500 diagnostic US examinations and recommends a minimum of 300 diagnostic abdominal US per year to maintain the appropriate skills. An EFSUMB document states that gastroenterologists should execute 5-10 examinations per week, reaching a minimum of 300 examinations before performing US unsupervised and in addition, a yearly minimum of 100 procedures is suggested [15, 16] .
So, the number of examinations seems a crucial issue in every training program but we have to consider the learning curve and its slope. Little data is available regarding digestive US and we do not know exactly the slope for specific issues, namely the minimum for each specific clinical question for POCUS. Kim et al, dealing with the learning curve for acute appendicitis, included 3 residents with no experience in US examinations that completed a dedicated 1-day course consisting of a 1-hour lecture, 3 hours of hands-on training and 2 hours self-study. The diagnostic agreement between the emergency US findings and the final diagnoses, was assessed using Cohen's kappa coefficient. Over a population of 266 patients of whom 127 patients (47.7%) had acute appendicitis, the three residents showed a low concordance (kappa value of <0.6) in the first 20 cases but after, the overall kappa value increased to 0.84 (95% CI: 0.77-0.92) [17] .
In an preliminary study the performance of 4 sonographers (2 with experience in US but not GIUS and 2 without experience in US or GIUS) was assessed and compared to an experienced sonographer in GIUS [18] . It was shown that sonographers with experience in US had a shorter learning curve in detecting pathological bowel wall thickening, enlarged lymph-nodes and abnormal dilatation of the bowel. After 50 examinations, physicians trained in abdominal US had a variable and increasing agreement with the experienced sonographer, from the first to the third clusters of patients, with k values of 0.82-0.94, 1 and 1 for detection of increased wall thickness; 0.90-1, 1 and 1 for abnormal dilatation; 0.69-0.81, 0.72-1 and 0.89-1 for enlarged mesenteric lymph-nodes. Physicians without experience in US had an increasing agreement with the experienced sonographer: 0.60-0.76, 0.86-0.94 and 1 for bowel wall thickness; 0.72-0.90, 1 and 1, for abnormal bowel dilatation, 0.37-0.46, 1, and 0.93-1 for enlarged mesenteric lymph-nodes. This shows that although learning curves are different between individuals, even non-experienced sonographers can achieve good results after an adequate number of examinations and proper training.
Quality assessment
But when can we consider ourselves at the top of the learning curve? When can we be considered competent? How is it possible to define the quality assessment? These are important unsolved questions. An attempt to create objective criteria for evaluating our US competence has been proposed by an international consensus [19] . Seven key elements of the ultrasound examination were identified: 1) Indication for the examination, 2) Applied knowledge of ultrasound equipment, 3) Image optimization, 4) Systematic examination, 5) Interpretation of images, 6) Documentation of examination and 7) Medical decision making.
This Objective Structural Assessment of Ultrasound (OSAUS) was used to assess the competence in US in a recent study by Todsenet al [20] . Twenty-four physicians were included, representing novices, intermediates and experts in POCUS. Four different surgical patient cases were scanned and all US examinations were video-recorded and assessed by 2 blinded radiologists using OSAUS. Construct validity was examined by comparing performance scores between the groups and by correlating physicians' OSAUS scores with diagnostic accuracy. The study showed that OSAUS was able to significantly discriminate between the performances of the sonographers.
How to improve and maintain competence is another important issue. It is generally advisable to attend dedicated and accredited meetings, especially with hands-on training, and perform training periods in dedicated centres with a high volume of examinations and with complex cases containing varied pathologies. National and international sonographic societies should support these opportunities. And last, but not least, websites where webinars, case challenges, literature news, resource libraries and atlas of images are available, greatly improve knowledge in ultrasound.
Conclusion and future directions
The use of GIUS inevitably increases our skills and affects our workload in general over time. There is a pressing need to use standardized ultrasound terminol-ogy, to provide training and to continuously assess the quality of our sonographic performances. This will allow multicenter studies that could give us answers to important areas such as follow up and monitoring in Crohn's disease and Ulcerative Colitis.
